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GEOLOGY OF THE APPLEBUSH HILL AREA, 




Lower Paleozoic rocks of an eastern miogeosynclinal assemblage 
have been mapped and studied in detail in the Applebush Hill area.
Their stratigraphic, paleontological, and structural aspects have been 
correlated to the investigations of previous workers in adjacent areas. 
Minor treatment has been given to the volcanic rocks.
Hie eastern assemblage is composed predominantly of clastic lime­
stones ranging in age from Upper Cambrian to Niagaran. The volcanic 
rocks are probably of Early Tertiary age.
Major folding is limited to Applebush Hill in the southern por­
tion of the area. Normal faulting of considerable displacement per­




The Applebush Hill area is located at the head of Antelope Valley 
which lies between the Antelope and Monitor Ranges some eight miles 
south of the Eureka-Nye County line. The northern boundary of the 
mapped area is White Rock Creek, an eastward trending intermittent 
stream that flows into Antelope Valley. The eastern boundary is the 
western margin of the Tertiary volcanics of the Antelope Range. The 
very irregular western and southern boundaries are the margins of the 
Tertiary volcanics of the Monitor Range. There are approximately 16 
square miles within the mapped area.
The area is 36 airline miles southwest of Eureka, Nevada and 48 
airline miles southeast of Austin, Nevada (Fig. 1). The best and most 
direct route into the area is from the north by the graded Antelope 
Valley road which intersects U„ S„ Highway 50 near Lone Mountain some 
34 miles north of the area and 20 miles west of Eureka. There are two 
mapped jeep roads within the area: one into White Rock Creek Canyon and 
one from Segura's Ranch to Applebush Hill Spring. Jeep trails are not 
mapped.
GEOGRAPHY
The climate of the Antelope and Monitor Ranges and the interjacent 
Antelope Valley is semi-arid. Precipitation is estimated by local 
ranchers and the Forest Service to average 10 to 12 inches per year, one 
half of which is from snowfall and the remainder from occasional thunder 
showers occurring mostly in late summer. There are seven springs within 
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Figure I. Index map of Nevada showing location of mapped area
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bush -Iill spring and .abin spring, both very small, and a third, unnamed 
spring located in the southwest corner of sec. 4, T.14N., R. 5GE. The 
unnamed spring produces approximately 20 gallons of water per minute that 
is satisfactory for human consumption.
The vegetation in the area is moderately sparse and its restricted 
growth is due mainly to the semi-arid climate, however, its distribution 
is controlled by the topography and variation in lithology. Sagebrush, 
the principal plant, exists throughout the area becoming more sparse in 
the sharp canyons and on steep hillsides. Grasses are present predomi­
nantly on the south slopes of the rounded sedimentary hills. Juniper 
and Pinon Pine grow sparsely throughout the area and are more abundant 
at higher elevations. Small brush resembling applebushes are most 
abundant on some of the volcanic talus slopes around Applebush Hill 
Spring. ialtbrush and groves of aspen are abundant around the springs 
at high elevations in the western portion of the area.
Cattle grazing and minor amounts of hay faming are the principal 
industries of the area. Deer hunting is commercialized to a certain 
extent by the local ranchers.
PHYSICAL FEATURES >
In general, the topography of the area ranges from very rugged on 
the west to moderate on the east. The maximum relief is about 2,100
S 1 .
feeto The highest elevation is 9,000 feet along the Tertiary volcanic 
ridge west of Segura Spring in the northwestern corner of the area and 
the lowest is 6,900 feet located west of Segura's ranch in Antelope 
Valley.
Drainage is both subsequent and consequent in the area, however,
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in the portion north of Applebush Hill subsequent drainage along north- 
eastward trending fault zones overshadows consequent drainage that is 
subnormal to structural ridges.
SCOPE OF INVESTIGATION
This study is primarily concerned with the stratigraphy, structure, 
paleontology, and geological history of the Paleozoic rocks in the area. 
The volcanic rocks within and adjacent to the area received only minor 
attention.
METHOD OF INVESTIGATION
The field mapping of the geology was plotted on aerial photographs 
at the scale of 1:20,000 and transferred to an enlarged UUS„G.S. topo­
graphic map at the scale of 1:18,000 by use of an opaque projector.
Eight thin sections, numerous grain mounts, and dilute hydrochloric 
acid were used for rock study and identification. All available fauna 
was studied for paleontologic control.
Structural relations at the surface were determined from geologic 
and physiographic features. Subsurface structure of the bedrock beneath 
valley fill was delineated from geophysical data obtained from a gravity 
survey across Antelope Valley (Fig. 12).
PREVIOUS INVESTIGATIONS
Large portions of Eureka and Northern Nye counties have and are 
undergoing both detailed and reconnaissance mapping. Previous published 
investigations within the mapped area and of the surrounding areas have 
been primarily concerned with stratigraphy and paleontology. In the 
Antelope Range and in the Monitor Range, on Martin's Ridge, between the
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west side of Antelope Valley and it's subparallel tributary, Copenhagen 
Canyon, was one of Webb's (1958) locations in a regional study of the 
Middle Ordovician stratigraphy of the Great Basin. Nolan et al (1956) 
has recently revised the regional stratigraphy in the vicinity of Eureka, 
Nevada which includes the mapped area.
Paleontological work done by A. R, Palmer, of the U. S. Geological 
Survey, in the vicinity of Eureka, Nevada (Nolan et al, 1956) includes 
all stratigraphic units present within the area. More detailed paleon­
tological work has been limited to the Lower and Middle Ordovician 
brachiopods (Ulrich and Cooper, 1938; Cooper, 1956) and Upper Ordovician 
and Silurian graptolites (Ruedemann, 1947).
Merrian (E„ R. Larson, oral communication) and E. R. Larson (oral 
communication) have mapped the Antelope Valley area, but neither of 
their works have been published. Louis C„ Bortz (1959) has mapped the 
Copenhagen Canyon area; Jerold J. Behnke (oral communication) is mapping 
the southern portion of :iartins Ridge; and Lewis S. Lohr (oral communi­
cation) is mapping the Brock Canyon area on the west side of the Monitor 
Range. These latter works have been or will be submitted to the 
University of Nevada as partial fulfillment of the requirements for a 
Master of Science degree in geology.
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Che Cordilleran Geosyncline occupied most of Nevada without tectonic 
disturbance until near the end of Devonian. The Early to Middle Paleo­
zoic rocks of the eugeosynclinal portion west of longitudes 116®-117° 
and north of latitude 39° are composed predominantly of clastic sedi­
ments and chert with intercalated volcanic rock and pyroclastic rocks. 
East of longitudes 116°-117°, in the miogeosynclinal portion, Paleo­
zoic rocks from Middle Cambrian through Lower Mississippian are com­
posed mostly of limestone and dolomite with minor amounts of shale and 
quartzite. The Paleozoic rocks deposited in the transitional zone 
between longitudes 116* and 117° do not have the exact characteristics 
of the eugeosynclinal or the miogeosynclinal rocks, but are a combina­
tion of clastic, volcanic, and carbonate elements. Roberts et al (1958) 
has termed the Paleozoic rocks deposited in the eugeosynclinal, mio­
geosynclinal, and transitional zones of the Cordilleran Geosyncline as 
"western, eastern, and transitional assemblages" respectively.
The Paleozoic rocks in the vicinity of Applebush Hill consist pre­
dominantly of a carbonate sequence, termed "eastern assemblage" by 
Roberts et al (1958). They consider these rocks autochthonous and 
parautochthonous. Only one limestone member of the youngest formation 
in the Upper Cambrian, of Croixan age, is exposed. Five Ordovician 
formations ranging in age from Canadian to Richmondian are well exposed, 
and the Silurian is represented by a sequence of Niagaran limestones 
(Fig. 2).
A major orogeny in central Nevada of latest Devonian to Early 
Pennsylvanian age (Roberts et al, 1958, p. 2850) marked the end of
9
Figure 2 . -  A par t ia l  st ra t igraph ic  section of Lower  Paleozoic rocks of eo st - ce nf ra l  Nevada 
V e r t i c o l  l ines in the l i thologic column indicate that  portion of the section not 
exposed in the area.  Thickness is an average of several local i t ies.
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deposition of the eastern carbonate assemblage. Devonian and younger 
rocks of this sequence were either not deposited or have been sub­
sequently eroded from the area prior to the deposition o fr the volcanics. 
Paleozoic rocks in the area are about 4,000 feet thick.
The descriptive terms used in this paper for bedding thickness 
are: laminated,', distinct alternations of material which differ one
from the other in grain size of composition, that are less than 1/16 
inch; thin-bedded, 1/16 to 6 inches; thick-bedded, 1 / 2  to 3 feet; 
and massive, greater than 3 feet (Bortz, 1959). Rock colors are based 
on the Rock-Color Chart, 1951, prepared by the Rock-Color Chart Com­
mittee, E. N„ Goddard, Chairman.
CAMBRIAN SYSTEM
The Cambrian section was originally defined by King (1878, p. 188) 
from exposures near Hamilton, Nevada, in wliite Pine county and in the 
vicinity of Eureka, Nevada. His description has been used as a stand­
ard of comparison for many less complete or more recently discovered 
sections in the Great Basin, both in regard to formation names that 
were first used there and the fossil sequences that were first deter­
mined in these formations. Hague (1892) recognized and described only 
five units in the vicinity of Eureka, which is one of the relatively 
few localities in Nevada having an essentially complete Cambrian 
sequence. Recently, Nolan et al (1956), in a restudy of the Eureka 
district, recognized 10 mappable units comprising eight formations and 
four members. This increase results from raising minor units, recog­
nized by earlier workers, to formation rank. In the Antelope Range 
Merriam (1956) recognizes only higher Cambrian formations.
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Windfall Formation
Nolan ej: al (1956) defined the Windfall formation in the vicinity 
of Eureka and divided it into two members; a lower unit designated as 
the Catlin member from exposures near the Catlin shaft of Croesus mine 
in New York Canyon, composed of interbedded massive limestone, in part 
cherty, and thin-bedded shaly and sandy limestone; and an upper unit 
named the Bullwacker member from exposures in the vicinity of the Bull- 
wacker mine, which is composed of a rather uniform sequence of thin- 
bedded platy and sandy limestones. The Catlin member is not exposed in 
the mapped area other than in one 6mall fault sliver and in float near 
the center of sec. 28, T.14N., R.50E.
Bullwacker Member
Prior to the work by Nolan and others (Nolan et al, 1956) the Wind­
fall formation had never been differentiated. Hague (1883, p„ 260;
1892, p. 48-54) had assigned all beds between the Cambrian Dunderberg 
shale and the Ordovician Eureka quartzite to the Pogonip formation. 
However, both Hague and Walcott realized that the basal portion of the 
Pogonip, as thus restricted, contained fauna that were more closely re­
lated to the underlying Cambrian than to those higher in the formation. 
Walcott therefore, in 1923 (p. 466) proposed that the lower unit be 
removed from the Pogonip and renamed as the Goodwin formation. Nolan 
et al were reluctant to use the name Goodwin, as defined by Walcott, 
because of the great thickness of Ordovician strata included, and pro­
posed the name Windfall formation for all rocks of Cambrian age at 
Eureka between the Dunderberg shale and the Pogonip group, as re­
stricted.
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In the mapped area the Bullwacker member is well exposed on a low, 
gently north-plungin{ rid; e that flanks the west side of a major canyon 
on the north end of Applebush Hill and on low, rounded hills near the 
southeast corner of sec* 21, T.14N., R.50E* These exposures are part 
of a north-plunging nose of the anticline that has been faulted into a 
westward offset of the major anticlinal structure of Applebush Hill.
The base of the formation is not exposed; consequently, only 148 feet 
of section could be measured as compared to the 400-foot section meas­
ured by Nolan et al (1956, p. 21) in Windfall Canyon south of Eureka.
In Nineiaile Canyon in the Antelope Range Nolan ejt al measured 600 
feet of beds lithologically similar to Upper Cambrian Bullwacker that 
lays between an overlying chert-bearing limestone, characteristic of 
the Goodwin limestone, and an underlying Caryacaris shale which is 
above strata correlated with the Gatlin member. Rigby (1960, p. 173) 
measured 800 to 850 feet of Bullwacker in the Southern Ruby Mountains 
of White Pine county, Nevada.
Within the mapped area the Bullwacker member is composed of thin- 
bedded, medium light-gray to medium dark-gray, fine-grained to sub- 
porcellaneous limestone alternating irregularly with light-brown to 
grayish-orange argillaceous partings and interbeds. Collectively, 
the outcrops weather to a very distinctive moderate yellowish brown 
color. The bedding surfaces are lumpy and pitted and thin to almost 
lamellar in the more silty portions (Fig. 3). Nolan e t sil (1956) found 
gray chert nodules in some places at the type locality, however, few 
wrre observed in the mapped area. Although the beds are greatly dis­
torted, calcite veining is rare. In general, the formation weathers 
readily and outcrops are obscure.
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Figure 3.- Thin-bedded to almost lamellar Bullwacker 
membero
The base of the Bullwacker member is not exposed in the mapped 
area but conformably overlies the Catlin member of the Windfall forma­
tion in other areas (Nolan £t al, 1956). Conformably overlying the 
Bullwacker is the Pogonip group of Ordovician age. Lithologically, 
the basal beds of the Goodwin limestone, which is the lowest formation 
of the Pogonip group, are quite similar to the Bullwacker except for 
large nodules of white to light-gray chert. The distinctiveness of the 
Bullwacker member is thus primarily due to uniformity in lithologic 
character rather than to any distinctive lighologic type (Fig. 4). In 
the vicinity of Eureka G. A„ Cooper (from Nolan et al, 1956, p. 22) 
states that the Bullwacker member is easily recognized by its brach- 
iopods which are definitely of Upper Cambrian age. At Ninemile Canyon 
in the Antelope Range the rocks that are similar to the Bullwacker have 
not yielded Bullwacker fossils but bear Early Ordovician Kalnella fauna
of the Goodwin limestone. Here Bullwacker strata of Goodwin age con-
Figure 4.- Typical outcrop of the Bullwacker member.
Note uniformity in lithologic character,,
tinues up 600 feet above the top of a 150-foot section of Garyacaria
shale, which overlies strata correlative to the Catlin member, before
encountering chert-bearing limestone that is characteristic of the
Goodwin limestone. In the mapped area the Kainella fauna was not
found in either the Bullwacker or Goodwin. Hence, in the Antelope
Range, and possibly in the mapped area, the Bullwacker-type lithology
extends across the systemic boundary (Nolan et al, 1956). The member
contains very few, poorly preserved fossils. The following forms have
been identified by the writer:
? Dictyonema cf. D. minnesotensis Ruedemann 
? Eoorthis sp.
? Homotreta eurekensis Ulrich and Cooper 
? Oldhamia sp.
? Weatonia lphis Walcott
Other fossils collected but not Identified: worm trails and brach-
iopods.
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Because of the lack of paleontological control, the rocks of Bull- 
wacker lithology in the mapped area are correlated in age to the Upper 
Cambrian Bullwacker member of the Windfall formation in the vicinity 
of Eureka as described by Nolan et al. The distinctive uniformity in 
lithology of these rocks makes it a raappable unit and for mapping pur- 
poses the Bullwacker-Goodwin boundary is placed at the first occurrence 
of white to gray chert, thickening of beds, and the change of color 
and texture of the limestone.
ORDOVICIAN SYSTEM
Ordovician rocks, in the vicinity of Eureka, Nevada, were first 
defined by King in his work connected with the 40th Parallel Survey 
(King, 1878). Later, Hague and Walcott (1883; 1892) worked in the 
Eureka district and, because the Ordovician system had not yet been 
accepted, assigned three formations that are now known to include sedi­
mentary rocks of Ordovician age to the Silurian. In a restudy of the 
Ordovician stratigraphy and paleontology of the Eureka district, Nolan 
et al (1956) have taken Hague's three Silurian formations, excluded 
the Windfall formation portion of Cambrian age, and assigned them to 
the Pogonip group. A new formation, the Copenhagen formation, para- 
conformably overlies the Pogonip group. This formation was originally 
studied by Kirk (1933) and will be named by Merriara (1956). The 
Eureka quartzite and Hanson Creek formations overly the Copenhagen 
formation, in ascending order, and have been essentially unchanged from 
their original limits. The Silurian-Ordovician boundary is diffi­
cult to determine in that the overlying Silurian limestones are very 
similar to the Hanson Creek formation.
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Pogonip Group
In King's original work on Ordovician rocka (King, 1878, p. 188), 
he assigned all the sediments from Late Cambrian to Middle Ordovician 
to the Pogonip formation. The type locality for this formation was on 
Pogonip Ridge in the White Pine or Hamilton district in White Pine 
county, some 30 miles southeast of Eureka, Nevada. After redefinition 
by various authors and detailed stratigraphic work, Hintze (1951, p. 11) 
proposed that the Pogonip be considered as a group, to include only 
the Ordovician portion of the Unit. Nolan et al (1956, p. 24) accepted 
Hintze's usage and have defined the group, as restricted, in the vi­
cinity of Eureka, Nevada. Merriam (1956) has concurred with Hintze and 
Nolan ejt al in restricting the Pogonip group as such, and has subdivid­
ed it into three formations which are well exposed in the Antelope 
Valley region. The formations are in ascending order: the Goodwin 
limestone, the Ninemile formation, and the Antelope Valley limestone.
The upper and lower formations have been recognized in the mapped area, 
but the Ninemile formation is not exposed.
Goodwin Limestone
The Goodwin limestone, the lowest formation of the Pogonip group, 
was named and defined by Nolan j2t al (1956) from exposures in the vi­
cinity of Eureka, Nevada. The Goodwin limestone is well exposed in the 
Applebush Hill area in an anticlinal structure that extends southward 
from Cabin Spring through Applebush Hill to the southern border of the 
area that is limited by the volcanics of the Monitor Range. The best 
exposure is on the northern flank of Applebush Hill near the center of 
sec. 28, T.14N., R.50E. Because of the gradational nature of its lower
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boundary with the Bullwacker, lack of a clear contact with the overly­
ing Ninemile formation, and absences of distinct marker beds within the 
formation, measurements of the thickness of the Goodwin limestone are 
not too meaningfulo A maximum section of 620 feet was measured on the 
northern flank of Applebush Hill from a fault contact to the summit of 
the hill; however, the exact location of this section within the forma­
tion cannot be determined. In the Eureka district Nolan et al (1956) 
measured a maximum of 1,100 feet; and in the Antelope Range Merriam 
(1956) measured 1,650 feet. Merriam's section, however, includes more 
than 600 feet of platy limestones at the base that is lithologically, 
though not faunally, similar to the Bullvacker. Rigby (1960, p. 173) 
measured approximately 2,100 feet in the Southern Ruby Mountains of 
White Pine county, Nevada.
The formation is composed of thick- to massive-bedded, light-gray 
to blue-gray, well-bedded, fine clastic and crystalline limestones with 
abundant light-gray to white almost mellon-sized nodules of chert in 
the lower portion (Fig. 5). The chert nodules decrease in amount and 
size in the higher beds, but retain the same general characteristics 
and can be found throughout the formation. Lumpy bedding surfaces and 
irregularly spaced crinkly, calcareous shales are not uncommon. The 
higher beds in the Goodwin are darker blue gray in color and are some­
what thinner than those in the lower portion of the formation. Litho­
logically these beds are easily confused with those of the Antelope 
Valley limestone, except that the chert is a distinctive criterion. 
Locally, platy limestones occur, but they are relatively less abundant 
than in the beds below and do not have the same characteristic* in that 
they are darker in color, coarser, and abundant with chert. In general,
18
Figure 5.- Large nodules and lenses of whitish-gray
chert in the Goodwin limestone- Note abun­
dant calcite veinlets and calcite-filled 
fractures.
the formation as a whole forms rugged to moderate slopes. Numerous 
calcite veinlets and veins are very common (Fig. 5).
Figure 6.- Dolomitized Goodwin limestone caused by 
hydrothermal activity along fault zone-
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Vary locally, the lower massive limestones have been irregularly 
dolomitized, which appears to be due to hydrothermal activity rather 
than to original sedimentary processes (Fig. 6). Approximately 50 
feet above the lower boundary of the formation, on the north side of 
Applebush Hill, there is a zone in the massive limestone that is 
strongly silicified and irregularly converted into jasperoid. They 
weather into huge, rounded, iron-stained boulders. This zone cannot 
be traced for any distance and appears to be confined to severely 
faulted areas (Fig. 7).
Figure 7.- Huge rounded boulders of completely silici­
fied Goodwin limestone.
At no place within the mapped area is the Ninemile formation ex­
posed; consequently, the upper contact of the Goodwin limestone cannot 
be observed. Merriam (1956) describes the upper contact with the shaly 
beds of the Ninemile formation as sharp in the Antelope Range. The 
Ninemile formation is exposed on the east side of the southern portion
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of liartins Ridge (Behnke, 1961, oral communication), however, the base 
is concealed by alluvium.
The brachiopod ? Flnkelnburgls sp. and an unidentifiable trilobite 
fragment were the only forms found in Goodwin limestone.
Wolan e_t _al (1956, p. 27) consider the Goodwin limestone to be 
approximately Lower Canadian in age.
Antelope Valley Limestone
The Antelope Valley limestone was named and defined by Nolan et al 
(1956, p. 28) as the uppermost formation of the Pogonip group. Merriam 
(1956) has recognized the formation in both the Monitor and Antelope 
Ranges on either side of Antelope Valley. It is present in the Eureka 
district also, although it has not as yet been mapped there. The type 
locality is along the base of the eastern slope of Martins Ridge. Here 
the formation forms moderate to rugged, ledgy slopes and has a navi mum 
exposed thickness of 1,373 feet (Bortz, 1959, p. 9). Nolan et al (195o, 
p. 28) measured a thickness of about 1,100 feet on Martins Ridge.
Sharp's (1942, p. 658-659) measured section in the Ruby Range suggests 
that even a greater thickness of the Antelope Valley is present there. 
Within the mapped area the formation forms gentle, low-lying hills and 
ridges with shallow intervening canyons that are engulfed with alluvium. 
The beds are so severely faulted and distorted that, even with the use 
of paleontological control, it is impossible to measure a composite sec­
tion. The best exposures are located in the west portions of secs. 9 
and 16 of T.14N., R.50E.
The base of the Antelope Valley limestone is not exposed in the 
area. Either it is concealed by alluvium or the formation is in fault
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contact with other units. Paraconforraably overlying the Antelope Valley 
limestone, and in sharp contact, is the quartz arenite member of the 
Copenhagen formation. The only locality of stratigraphic continuity 
between the Antelope Valley limestone and the Copenhagen formation is 
in the northwest corner of sec. 16, T.IAN., R.50E. In general, the 
exposed portion of the formation is almost entirely composed of thin- 
bedded to thick-bedded, distinctive bluish-gray clastic limestone that 
has been recrystallized and dolomitized to varying degrees. Fine de- 
trital material and secondary silica are the most obvious impurities.
Shaly seams, lenses of brown chert, ranging up to 2 inches thick, and 
calcite veinlets are common.
Bortz (1959, p. 10) has divided the formation into three units 
based primarily on outcrop expressions. They are: a basal 428-foot 
thin-bedded to thick-bedded, ledge-forming unit; a 747-foot middle 
unit of massive-bedded, cliff-forming, relatively pure limestone; and 
a 198-foot upper unit composed of thin-bedded limestone with silty 
interbeds forming low benches and ledges. In order to locate the position 
in formation, the Antelope Valley limestone exposed in the mapped area 
will be correlated as closely as possible to the three units of the 
Copenhagen Canyon area as restricted and defined by Bortz.
A middle portion of the lower unit is exposed in a low ridge just 
northwest of Cabin Spring near the southeast corner of sec. 16, T.14N., 
R.50E. Here the beds form small ledges and are composed of thin- to 
thick-bedded, medium light-gray to medium dark-gray, argillaceous, fine 
to medium clastic limestones that have been partially recrystallized.
Brown to dark-gray chert nodules and tan to olive-gray shale stringers
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are common. The unit weathers medium gray to brown depending upon the 
amount of iron oxidation from the chert and shale that is present. Its 




? Orthambonites blfurcatus Ulrich and Cooper 
Orthidiella costellata Cooper 
one large orthocone
The best exposures of the cliff-forming middle unit are on a small 
rounded hill near the west-central portion of sec. 9, T. 14N., R.50E.
Here near the summit of the hill are cliffs of massive-bedded, medium 
light-gray to medium-gray clastic and crystalline limestone that are 
crowded with Palliseria longwelli (Kirk). Palliseria longwelli is found 
in many other exposures of Antelope Valley limestone, however, this is 
the only locality where it is abundant enough to be correlated to 
Bortz's 25- to 40-foot horizon found in the middle 984-foot unit on 
Martins Ridge. Palliseria longwelli is found in dolomitized Antelope 
Valley limestone along a fault zone near the northeast corner of sec.
20, T.14N., R.50E. (Fig. 8). Calcareous shale interseams and brown to 
gray chert nodules and stringers are less abundant than in the lower 
unit.
From inspections of grain mounts the limestone appears to be
clear, twinned, medium to coarse crystalline calcite in some beds
while others are entirely clastic. Impurities include hematite, quartz,
and argillaceous materials. This unit contains an abundant well-preserved
fauna in which the following forms have been identified:
? Hormotoma sp.
Palliseria longwelli Kirk 
Pseudocybella aff. P. nasuta Ross 
Orthidiella longwelli Ulrich and Cooper
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Figure 8.- Palliserla longwelli in doiomitized Antelope 
Valley limestone.
Good exposures of the upper unit are located on a northeastward
trending ridge in the northwest corner of sec. 16, T.14N., R.50E.
This unit is composed of thin-bedded, medium-gray, fine-grained clastic
limestone alternating with coarser crystalline limestone. Irregular
silty partings and beds and lumpy to pitted bedding surfaces are not
uncommon. The outcrops weather to shades of yellow and brown, rough
to hackly surfaces. Chert nodules and stringers and very small calcite
veinlets are abundant. Fossil hash is present in the beds just below
the Copenhagen formation. The following forms have been identified:
? Anomolorthis nevadensis Ulrich and Cooper 
Hesperonomia aff. H. subtransversa Ulrich and Cooper 
7 Illaenu8 aff. I. americanus Billings
The Antelope Valley limestone is of Chazyan age (Nolan et al,
1956, p. 29). Webb (1958, p. 2366) considers the top of the Palliseria 
longwelli zone as the approximate Chazyan-Bolarian boundary, and places 
the upper zone in lower Bolarian. Webb's age determination is used in
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this paper in order to concur with Bortz's divisions of the Antelope 
Valley limestone.
Copenhagen Formation
The Copenhagen formation, which paraconformably overlies the 
Antelope Valley limestone, was first studied by Kirk (1933). He stated 
that about 250 feet of "Black River" sediments represent an argil­
laceous facies of the lower part, of the Eureka formation. More re­
cently, Nolan et al (1956) and Merriam (1956) have studied and defined 
the Copenhagen formation in the Antelope Valley region and agree that 
it should be a separate formation. Merriam (1956) will name the Copen­
hagen formation from exposures limited to both sides of Antelope Val­
ley; Webb (1958) has also used this name.
The formation, as described by Bortz (1959), Webb (1958), and 
Merriam (1956), is composed of a lower quartz arenite member, a middle 
thin- to thick-bedded argillaceous limestone with abundant intercal­
ated silt, and an upper argillaceous member. In the mapped area only 
the lower quartz arenite member, a few feet of the upper argillaceous 
member, and very few feet of the middle limestone member is exposed. 
Because most of the formation is not exposed, true thickness cannot be 
accurately determined., Bortz (1959, p. 13) measured 696 feet on the 
east side of Martins Ridge in which most of this section was covered 
by Eureka quartzite talus. Webb (1958, p. 2339) estimated a total 
possible thickness of 600 feet or more at Martins Ridge.
The quartz arenite member outcrops in only two localities in the 
area; an almost dip-slope exposure on the nose of a low ridge in the 
northwest corner of sec. 16, T.14N,, R.50E., and a second exposure
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consisting of a row of boulder-like masses near the east-central por­
tion of sec, 20, T.14N., R.50E. The thickness of this member cannot 
be measured in that the larger exposure is almost totally covered with 
scree and the boulder-like masses are suspected to have been carried 
by fault movement. The member is a very fine-grained quarts arenite 
with a considerable amount of impurities. By grain mount inspection 
the impurities were determined to be hematite, limonite, and larger, 
rounded grains of quartz that have been slightly iron stained. The 
matrix is calcite and the rock is only slightly indurated. Vuggy 
porosity is less than 10 percent. The outcrops weather to a charac­
teristic pinkish-brown due to staining by the iron-bearing impurities. 
The upper and lower contacts of this member are obscure, however, they 
are supposed to be as sharp as those described on the Martins Ridge 
(Bortz, 1959, p. 13). No fossils were recognized by Bortz in the 
quartz arenite unit on Martins Ridge, however, in the mapped area the 
writer found numerous snails, ?Endoceras sp., and crinoid stems. Webb 
(1958, p. 2340) found Endoceras sp. in the Antelope Range.
The middle member, as correlated with exposures on Martins Ridge, 
is composed of argillaceous, clastic and crystalline, fossiliferous 
limestones intercalated with silt which weather to smooth, gentle 
slopes of a characteristic yellowish-orange color. The bottom-most 
beds of this member are exposed above the quartz arenite lower member 
on the ridge in the northwest corner of sec. 16, T.14N., R.50E.
The limestone is thin-bedded, medium-gray with intercalated silt 
from which Webb (1958) has named it the "intercalated member". Fossil 
fragments are abundant. Iron staining in silty beds is prominent and 
calcite veinlets are rare. On grain mount inspection the impurities
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are found to be traces of minute quartz particles and abundant argil­
lite. .
As only the lower beds of this member are exposed, the accurate 
thickness was not determined. Fossil hash consisting predominantly 
of brachiopod and trilobite fragments is fairly abundant. The form 
Isotelus aff. I. gigas Dekay was identified.
The upper argillaceous member paraconformably underlies the 
Eureka quartzite. The contact, located 300 yards south of Applebush 
Hill Spring, west of the canyon between Applebush Hill and the vol- 
canics in the Monitor Range and near the east-central portion of sec. 
29, T.14N., R.50E., is covered by Eureka quartzite talus, but is as­
sumed to be as sharp as the Copenhagen-Eureka contact on Martins 
Ridge (Bortz, 1959, p. 15). This isolated outcrop is the only ex­
posure of this member in the mapped area. It is composed of yellow 
to tannish-brown, thin-bedded, alternating sequences of argillaceous 
crystalline limestones and shales. Fossils and fossil fragments are 
abundant. The following forms have been identified:
Carabocrinidae sp.
? Bumastus sp.
? Eoplectodonta cf. E. alternata (Butts)
Macrocoelis occidentali Cooper 
Homotrypa subromosa Ulrich 
Sowerbyites cf. jS. lamellosus Cooper 
Valcourea plana Cooper 
Prasopora sp,
Oxopleccia monitorensis Cooper
Other fossils collected but not identified: crinoid stems, brachio- 
pods, and trilobites.
Age classification of the Copenhagen formation is not agreed upon 
by the various workers that have studied it. The proposed ages are: 
approximately Black Riverian by Kirk (1933, p. 42); Black Riverian to
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Trentonian by Merriam (1956), whose classification has been accepted by 
Nolan jat al (1956, p. 31); and medial Bolarian to medial Trentonian by 
Webb (1958, p. 2367 and Fig. 6). Webb's age determination is used in 
this paper.
Eureka Quartzite
Hague (1883, p. 262; 1892, p. 54-57) proposed the name Eureka 
quartzite for the resistive, vitreous, cliff-forming quartzite which 
underlies much of the surface in the vicinity of Eureka, Nevada. He 
considered the outcrops in this area as the collective type locality; 
however, due to the extensive faulting and complex structure of the 
area, he mapped other silica-rich rocks as part of the Eureka. Kirk 
(1933, p. 34) realized the inadequacy of this type locality and pro­
posed that the well-exposed section along the west base of Lone 
Mountain (34 airline miles north of the mapped area and 15 airline 
miles northwest of Eureka) as a new type locality. This redesignation 
has been accepted by the U. S. Geological Survey and is generally re­
garded as an approximate standard section for comparative purposes. 
Nolan e£ al (1956, p. 29-33) has restudied the Eureka quartzite in 
the vicinity of Eureka, Nevada, and Webb (1958) has included the 
Eureka quartzite in his recent study of the Middle Ordovician strati­
graphy of the Great Basin.
The Eureka quartzite is intermittently exposed in the foothills in 
the southeastern corner of the area. A maximum exposed thickness of 
82 feet was measured at an exposure near the center of sec. 33, T.14N., 
R.50E. Bortz (1959, p. 16) and Webb (1958, p. 2345) measured over 200 
feet on Martins Ridge. Over 350 feet was measured at the type locality 
at Lone Mountain by Kirk (1933). Webb (1958, p. 2373, Fig. 9) indicates
that the quartzite thins south and west of Martins Ridge. From this 
assumption, the formation is probably less than 200 feet thick in the 
mapped area.
Bortz (1959, pa 17) and Webb (1958, p. 2341) has recognized three 
geologic divisions in the Eureka quartzite. Their divisions and de­
scriptions differ to some extent. Neither of their divisions can be 
definitely recognised in the mapped area. In general, all the quartz­
ite exposed in the area, which closely resembles the massive middle 
unit on Martins Ridge, is composed of light-gray, vitreous, well 
rounded, fine-grained orthoquartzite. In thin section the grains have 
authigenic quartz that has grown in optical continuity. Some calcar­
eous cement, argillaceous material, and hematite are present.
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The exposedrocksare very resistive to weathering and form steep 
cliffs and rugged, Jagged pinnacles that are badly stained by iron
oxides (Fig. 9). Severe fracturing and much fault movement is evidenc­
ed by abundant slickensides that are coated with yellowish-brown, scaly, 
calcitic material (Fig. 10).
Figure 10.- Slickensides in the Eureka quartzite.
Paraconformably overlying the Eureka quartzite are beds of the 
Hanson Creek formation which are gray dolomitic limestones on the west 
and argillaceous limestones on the east sides of the mapped area. The 
contact relationship of exposures in the southeast corner are the same 
that exist on Martins Ridge.
There is no direct fossil evidence for the age of the Eureka 
quartzite; however, the underlying medial Trentonian Copenhagen forma­
tion and the overlying Richmondian Hanson Creek formation fairly well 




ihe Hanson Creek formation was first mentioned in the literature 
as part of the Lone Mountain limestone by Hague (1883; 1892, p. 57-62). 
ills designation of the formation as 11 Trentonian Niagiran 'V-was ■ 
ifteorrfcet and^it was subsequently determined to be actually Late :e 
Ordwrtcianr /i (Kirk, 1933, p. 30). Merriam (1940, p. 13) proposed 
the name Hanson Creek formation and defined the formation from the 
exposures that cross the north fork of Pete Hanson Creek in the Roberts 
Mountains, which has been accepted as the type locality by most recent 
workers in central Nevada geology. Here Merriam measured 560 feet of 
Hanson Creek beds that consist of a basal 10 to 15 feet of calcareous 
sandstones, 40 feet of dolomitic limestones, and the remainder of the 
section composed of thin-bedded shaly limestones (Merriam and Anderson, 
1942, p. 1686). At Lone Mountain the formation is largely thick-bed­
ded dolomite and dolomitic limestones. The lithologic sequence in the 
Copenhagen Canyon area (Bortz, 1959, p. 18-20) is quite different from 
that of the type locality in the Roberts Mountains or the Lone Mountain 
exposures. The basal unit is an alternating calcareous shale and 
argillaceous limestone, the middle unit is a hard, dark, aphanitic 
limestone, and the upper unit is an irregularly bedded, fine-crystal- 
line limestone.
In the mapped area the Hanson Creek formation varies as much with­
in itself as the above described sections vary with one another. In 
general, the beds overlying the Eureka quartzite are thin-bedded, dark- 
gray to black, aphanitic limestones alternating with thin beds of cal­
careous shale. Thin beds and lenses of dark-gray to brown chert are 
locally abundant. In some outcrops the silica appears to have sweated
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out of the beds and formed thin veneers on the exposed surfaces. The 
limestone yields a strong petroliferous odor when fractured. These 
beds weather to gentle slopes and low ledges covered with platy shale 
fragments that are studded with slabby to almost cubical pieces of 
black limestone. Occurrence of Orthograptus is fairly common.
No exposures of these beds in the mapped area could be measured 
with any satisfaction. Generally, only a few feet immediately over- 
lying the resistant Eureka quartzite were preserved or exposed. A 
12 2-foot section, the thickest in the area, was measured near the 
center of sec. 8, T.14N., R.50E. The basal 35 feet of this section 
were dolomitized and beds of the upper 40 feet were only intermittent­
ly exposed, and probably faulted.
Massive "tectonic dolostone" (defined by Dunbar and Rodgers, p. 
239) occurs frequently where the formation is located in a severely 
faulted zone. Relic-bedding and distorted chert lenses and nodules 
can be vaguely discerned Along a faulted zone in the south-central 
portion of sec. 33, T.14N., R.50E., an eight-foot ledge of silicified 
limestone that has been heavily stained with iron oxide is exposed.
The upper beds of the formation closely resemble those described 
by Bortz (1959, p. 20) in the Copenhagen Canyon area. They are com­
posed of finely-crystalline, medium-gray to dark-gray, thin-bedded 
limestones interbedded with clay and silt. Chert is less abundant 
than in the lower section. The upper beds of this unit are locally 
dolomitizedo Climacograptus was found 35 feet below the overlying 
Silurian beds.
Locally, exposures possibly correlative with Bortz's (1959, p. 19) 
middle cliff-forming unit were observed, however, the exact location
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of these beds in the formation cannot be accurately determined. They 
are composed of hard, black aphanitic limestones with abundant chert. 
They, like the lower beds immediately overlying the Eureka quartzite, 
yield a petroliferous odor when fractured. No measurements of these 
beds were made.
The Hanson Creek formation has been assigned to the Late Ordovic­
ian or Richmondian (Kirk, 1933, p. 30; Nolan et al, 1956, p. 32). 
Ruedemann (1947, p. 108) used graptolites in assigning it to the Rich­
mondian. The author has collected the following graptolites:
Glossograptus cf. G. quadrimucronatus (Hall)
Diplograptus (Orthograptus) calcaratus Lapworth 
Diplograptus (Orthograptus) calcaratus var. trifidus Gurley
SILURIAN SYSTEM
The rocks of Silurian age in east-central Nevada were first de­
scribed and named as the Lone Mountain limestone by Hague (1883, p. 262- 
263; 1892, p. 57-60) from exposures in the vicinity of Eureka, Nevada 
and at Lone Mountain. His description, however, included not only all 
sedimentary rocks in what is now the Silurian system, but also beds 
which are now defined as the Hanson Creek formation of late Ordovician 
age. Although subsequent workers recognized two faunal zones of quite 
different ages, Kirk (1933, p. 30) appears to have been the first to 
suggest the exclusion of Ordovician sediments from Hague's Lone Moun­
tain. Later, Merriam (1940, p. 13-14) further redefined the Lone 
Mountain, which at this time included only rocks of Silurian age, to 
exclude some darker colored beds at the base, which are dominantly 
limestone and differ in color and composition, from the overlying 
light colored dolomites. He named this lower unit "Roberts Mountains 
formation" from exposures in the Roberts Mountains and restricted the
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name Lone Mountain formation to the upper dolomitic beds. Nolan et al 
(1956, p. 36) accepted Merriam's usage and restriction with the excep­
tion of substituting dolomite" for "formation11 in the view that most 
of the Lone Mountain, as restricted, is predominantly dolomite.
In the Applebush Hill and Copenhagen Canyon areas (Bortz, 1959), 
only the Silurian Roberts Mountains formation is exposed.
Roberts Mountains Formation
The Roberts Mountains formation was named and defined by Merriam 
(1940, p. 11-13) from exposures on the west side of Roberts Creek Moun­
tain (56 miles north of the area). Here the formation is 1,900 feet 
thick and consists of a basal chert zone with overlying slabby to 
massive limestones. At Lone Mountain the formation is 741 feet of 
massive dolomite with a basal chert zone. In the Copenhagen Canyon 
area Bortz (1959, p. 23) measured 2,447 feet of Roberts Mountains, how­
ever, there may be some duplication of beds due to concealed faults.
He describes the formation as consisting of a 122-foot basal chert zone 
overlain by a thick sequence of light-colored, platy limestones. With­
in the mapped area there are poor, intermittent exposures of the 
Roberts Mountains formation along the western border. There appears to 
be no continuous section. The beds in the partial sections assigned to 
the formation are not abundantly fossiliferous and they are distorted 
and altered to such an extent that lithologic comparison is vague.
An exposure that is possibly correctable with the typical basal 
chert zone is located in the east-central portion of sec. 20, T.14N.,
R.50E. Here thin, irregularly-bedded to lenticular chert is inter- 
bedded with finely-crystalline, dark-gray, thin-bedded, siliceous and
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dolomitlc limestones and limy dolomites. Transgression of bedding 
planes by the chert evidences secondary replacement. Some thin clay 
partings and interseams that discolor the outcrop surfaces are present.
A maximum 32-foot section was measured at this location.
The bulk of the remainder of the formation that is exposed is com­
posed of platy, light-brown to medium-gray, shaly to arenaceous lime­
stones that weather to a light gray to yellowish; gray color. Clayey 
and silty seams are common. This unit forms smooth, gentle slopes, 
normally covered with imbricated float, and good exposures are limited 
to washes and steep slopes that immediately underly the volcanics.
Monograptua-bearing beds are found throughout this unit.
The base of the chert zone conformably overlies the Hanson Creek 
formation. The Silurian rocks are the youngest sedimentary rocks 
exposed within the mapped area and are overlain only by volcanics of 
Tertiary age.
The thin platy limestone beds of the Roberts Mountains formation
are prolific with Monograptus. The following forms have been identified:
Monograptus pandus Lapworth 
M. aff. M. nilssoni (Barrande)
M. chlmaera Barrande 
M. cf. M. ecus Lapworth
Ruedemann (1947, p. 109) has identified Monograptus pandus Lapworth 
and Monograptus ecus Lapworth collected in the Copenhagen Canyon area 




Approximately 50 percent of the area is covered by Quaternary 
alluvium consisting of poorly sorted, unconsolidated sediments derived 
from both sedimentary and volcanic parent rocks and range in size from 
clays to large boulders. In general, the boulders are volcanic or 
quartzitic and the smaller, clastic materials are chert and limestone. 
Coalescing alluvial fans form at the mouths of most drainage channels.
Of particular interest to the writer is an almost perfect line of 
Eureka quartzite boulders, averaging from six to eight feet in dia­
meter, that extends from the reservoir at the north end of the area to 
the center of sec. 9, T.14N., R.50E. The "supposed " boulders average 
about 100 yards between them, are partially buried in the alluvium, and 
are over a mile and one half from the nearest presently exposed outcrop 
of quartzite. It is conceivable that the boulders are not erratics, 
but instead they are remnants of the crest of a west-facing cuesta of 
quartzite that has been buried by alluvium and only the higher pin­
nacles are now exposed.
Geophysical data obtained from gravity line #1 (Fig. 12) indicate 
the valley fill to be 1,400 feet thick in the center of Antelope Valley 
opposite White Rock Creek Canyon. This would eliminate the possibility 
of a buried cuesta, except that the exact location of the White Rock 
Canyon fault, out in the valley, is not known. If the fault is south 
of gravity line #1 and north of the exposed boulders, this interpre­
tation is possible. Another possible interpretation is that at the 
time the boulders were emplaced there was a rigorous drainage channel 
occupying the position of the line of boulders and has subsequently 
been diverted to the east, leaving the boulders aligned in a transverse
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direction across an eastward advancing alluvial fan. Reasons for ne­
gating this possibility are that the line of boulders die out both to 
the north and south, and that boulders of other lithologies are not 
present.
TERTIARY VOLCANICS
Tertiary volcanics border the mapped area on the east, west, and 
south sides. By and large they are in fault contact with the Paleo­
zoic sediments; however, in some localities they overly the sediments 
which is evidenced by baking and replacement along the contact (Fig. 
11). Three distinct flows can be observed in the massive 500-foot or
Figure 11.- Baking along contact between Hanson Creek 
formation and Tertiary volcanics.
more cliff that extends along the entire length of the west side of 
the area. They consist of intermediate to acid flows and tuffs that 
have been hydrothermally altered locally. Happing and rock study of 
the volcanics was limited to a few attitudes taken along their margins
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and hand specimen identification. They are considered approximately 
equivalent in age to the Tertiary volcanics mapped by Nolan et al 
(1959) in the Eureka mining district.
STRUCTURE
STRUCTURAL SETTING
The middle Paleozoic Antler orogeny had little direct effect in 
the Applebush Hill area. Emplacement of thrust sheets in the Toquima 
Range, in the northern portion of the Monitor Range as far south as 
Copenhagen Canyon, and at Eureka record effects of the orogeny, but 
no thrusting was recognized in the mapped area. During the Tertiary, 
volcanic rocks covered much of the area that is thought to have been 
a relatively flat, peneplained terrain (E. R. Larson, oral communica­
tion). Broad folding and basin and range normal faulting followed and 
is probably continuing today. Subsequent erosion produced the present 
topography.
Local Structures
High-angle normal faulting and broad folding are the principle 
structural features in the Applebush Hill area. The Paleozoic rocks 
have moved up relative to the bordering Tertiary volcanics that cap 
the adjacent Monitor and Antelope Ranges. The northern half of the 
area appears to be a down-faulted, southern extension of Martins 
Ridge. Martins Ridge itself is the western limb of a broad, south- 
plunging anticline that completely spanned Antelope Valley prior to 
being down-faulted in a graben-like block. The down-faulted block 
extends into the area as far south as Cabin Spring. A broad anticline 
is the predominant structure in the southern half of the area.
Numerous minor faults and folds throughout the area are unmapped.
Folds
Except for a major anticline extending from Cabin Spring southward 
to the southern border of the area, folds are surprisingly scarce con­
sidering the amount of deformation that has occurred. One of several 
factors may be largely responsible. First, the rocks may have acted 
as brittle units since collectively they are very competent and were 
deformed at sufficiently shallow depth to react elastically - bending 
moderately and rupturing rather than deforming plastically. Secondly, 
the folds may have been of such magnitude that the individually faulted 
blocks encompassed only a small portion of the fold and therefore the 
dips are relatively consist&nt within each block.
The major fold in the area is an asymmetrical anticline whose 
axis roughly parallels the long direction of Applebush Hill with its 
axial plane dipping steeply to the east. The exposed part of the anti­
cline is approximately four miles long and one mile wide at the south­
ern end. It plunges both north and south with the north end being off­
set to the west by an oblique northeast-southwest trending normal fault. 
However, in that the block containing the nose of the anticline is 
hinged at the southwest and the greatest amount of movement is to the 
northeast, the steeply east-dipping axial plane has moved up and 
becomes less steep, and its trace has moved to the east, giving the 
appearance of an eastward offset. The southern end of the anticline 
has been down-faulted by transverse normal faulting. Both the east 
and west sides are bounded by longitudinal faults that roughly parallel 
the axis. Displacement along these faults range from over 400 feet to
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over 2,300 feet. The differing amounts of displacement is due to the 
coalescing of faults that bound adjoining blocks. Faults of minor 
displacement within the anticline proper cause local variations in 
the dip of the limbs, but in general, the east limb dips 5 to 10  
degrees to the east and the west limb dips 10 to 20 degrees to the
WiSt.
A small synclinal structure that is limited to a triangular­
shaped block bounded on all three sides by faults is present in the 
south-central portion of sec. 8, T.14N., R.50E. The syncline is 
reasonably symmetrical with each flank dipping 35 to 40 degrees 
toward its northeast+southwest striking axis.
Numerous minor folds are present along the southern border of 
the area where the Tertiary volcanics are in contact with the Paleo­
zoic rocks. These folds may be due to release of pressure exerted 
by the volcanics. Some fault-folds can be vaguely detected, but 
usually the attitudes of the beds are of such random orientation that 
they are meaningless.
Faults
Normal faults are the predominant type within the mapped area.
Two principle fault patterns have been recognized: a major north- 
south pattern that parallels the regional structural trends of the 
Monitor and Antelope Ranges, and an obliquely oriented subordinate 
pattern that trends northeast. Fault blocks formed by these patterns 
are roughly parallograms whose major diagonal strikes north-northeast. 
Maximum displacement along some of these faults in both patterns is 
in excess of 1,000 feet. Faults of the major north-south pattern
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appear to be the oldest in that faults of the younger subordinate 
pattern have offset them. A few east-west and northwest trending 
faults are present.
Two of the major north-south trending faults, one extending 
along the full length of the east side of the area and the other run­
ning through the center of the northern portion of the area to as far 
south as Cabin Spring, are southern extensions of the normal faults 
that separate Antelope Valley from the Monitor and Antelope Ranges. 
These faults dip steeply toward the valley. A gravity survey was run 
in south Antelope Valley primarily to detect and delineate the fault­
ing that may be present in the bedrock beneath the valley fill. Two 
east-west lines, #1 and #2 indicated on Fig. 12, were run, and the 
profiles for both are plotted on Plate III.
Interpretation of the bedrock's structure based on steep gravity 
gradients indicate a major fault along each face of the adjacent 
ranges (Fig. 12). The maximum depths of the bedrock in the central 
part of the valley relative to the lowest outcrops at the ends of the 
lines were calculated by the infinite faulted slab method and are 
estimated to be 1,400 feet and 2,000 feet for line #1 and line #2 
respectively. These depths are based on the assumption that the bed­
rock beneath the valley fill is similar to the Paleozoic sediments 
exposed at the ends of the lines. If the bedrock is volcanic, these 
depths are not great enough in that the average density of the vol- 
canics in the surrounding area is 2.48 grams per cubic centimeter 
(sampled and calculated by J. J. Behnke) as contrasted to an average 
of 2.67 for the limestones. Depth estimation by the infinite faulted 
slab method is inversely proportional to the density contrast. To
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Figure 12.- Index map of south Antelope Valley showing location of gravity lines and 
faults (base taken from U S G S  HorseHeaven Mtn., N e v a d o  q u a d ra n g le ) .
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further affirm or negate the possibility of the bedrock being volcanic, 
a magnetic survey was run along the same lines as the gravity survey.
The results of this survey indicated no anomalies, however, the results 
is probably invalid in that, according to J. J„ Behnke, the inter­
mediate to acid flow rocks and tuffs contain less than 5% of magnetic 
minerals which is near minimum percent necessary to produce magnetic 
anomalies at these depths. Thus, with inadequate data to determine 
the composition of the bedrock from geophysical exploration and with 
no subsurface mechanical exploration available, the writer is reluc­
tant to state whether the bedrock immediately below the valley fill 
is or is not volcanic. To know the composition of the bedrock would 
greatly assist in regional structure interpretations, however, the 
main purpose of the exploration was to delineate fault trends and 
roughly estimate the depth of valley fill.
The gravity gradient being less at the west end of line #1 
(Plate III) is due to the acuteness of the intersection angle between 
White Rock Creek Canyon fault and the fault along the east face of 
the Monitor Range. This wedge-shaped point of the Martins Ridge 
fault block was easily destroyed by drainage from White Rock Canyon 
and the suballuvial fault line scarp that normally exists along the 
Monitor Range was not preserved. The projected gradient at the east 
end of line # 1 can be assumed to be valid in that little or no regional 
gradient was detected. Complete data reduction and procedure of cal­
culations are tabulated in Appendix I.
A pair of major north-south faults are located in the western 
side of the area. The western fault that trends along the east face 
of the Tertiary volcanics of the Monitor Range has been mapped primarily
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on the basis of physiographic evidence and topographic expression. 
About one half mile east, the second fault strikes sinuously aldng 
section lines dividing those directly south of sections 8 and 9 of 
T.14N., R.50G. Both faults have dropped the west side down relative 
to the east and displacement varies from zero to over 1,0 0 0 feet.
The longitudinal fault along the west side of the Applebush Hill 
anticline strikes north-northeast to the center of sec. 21, T.14N., 
R.50E., and then veers to the northeast. Antelope Valley limestone 
below the Palliseria longwelli zone is in contact with Goodwin lime­
stone that contains abundant chert. This relationship indicates over 
1,500 feet of displacement.
Six high-angle normal faults that have been classified as sub­
ordinate trend in a northeasterly direction and are of almost equal 
spacing throughout the area. Generally, the northern and southern 
ends of these faults tend to become subparallel with major north-south 
faults on the east and west sides before converging with them. Rela­
tive displacement of these faults varies greatly.
The east-west trending fault located in White Rock Creek Canyon 
is not exposed. However, topographic expression and stratigraphic 
control indicate a fault somewhere in the canyon roughly paralleling 
the creek. The south side has dropped down relative to the north. 
Behnke (1961, oral communication) has mapped similar normal faulting 
north of the canyon that closely tie into the normal faults mapped in 
the Applebush Hill area. A few vaguely determinable attitudes taken 
in Tertiary volcanics of the Monitor Range indicate some "probable" 
faults extending westward from the mapped area.
Numerous minor faults, especially noticeable in the Eureka quartz­
ite from the abundant slickensides, were not mapped.
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GEOLOGIC HISTORY
Relatively uniform subsidence of the miogeosynclinal portion of 
the Cordilleran geosyncline in east-central Nevada afforded very simi­
lar depositional environments during late Cambrian and earlier Ordo­
vician time. Here rocks of the eastern assemblage, principally car­
bonates, were deposited in a clear, shallow sea along with minor 
amounts of terrigenous detritus that was received from unknown, dis­
tant, low cratonal., or positive areas. This shallow sea, in which 
areal persistence of lithologic units indicate stable conditions, 
extended from central Nevada eastward into central Utah. Its shallow 
depth or shelf-type environment is evidenced by fragmentation of 
fossils, accomplished by wave and current action in shallow water, and 
thin-bedded limestones with shale partings probably caused by fluctua­
tions of sea level and frequent current variations.
The wide shelf apparently sloped down relatively sharply along 
a north-northeasterly trending line or zone in central Nevada, since 
here typical thinly-bedded, largely argillitic slope deposits contain­
ing large unbroken fossils are found in contrast to the fossil hash 
and other shallow water features found in sections farther east (Webb, 
1958, p. 2369). To the west of the slope are found rocks of the 
western assemblage that are characteristic of eugeosynclinal deposition. 
They are composed predominantly of clastic sediments intercalated with 
chert, volcanic, and pyroclastic rocks (Nolan et al, 1956).
Several unconformities reflect changes in the depositional en­
vironment of the basin due to periodic emergence or non-subsidence in 
early medial Ordovician. A stable or rising trend on the miogeosyn­
clinal margin in earlier Trentonian caused the quartz arenite member
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of the Copenhagen formation to develope as a shelf-edge sand during an
t
interval of regression (Webb, 1958, p. 2371). Isopachous and paleogeo- 
graphic studies by Webb (1958, p. 2371-2372, Figs. 7-8) indicate that 
the remainder of the Copenhagen formation above the quartz arenite 
member was deposited in a near-shore environment of a basin that was 
not subjected to erosion prior to the deposition of the transgressive 
Eureka quartzite.
The almost pure quartz sand of the Eureka quartzite that was de­
posited in a transgressive sea during Middle Ordovician has a definite 
thinning tendency in an area of apparent non-subsidence northeast of 
the basin of deposition of the Copenhagen formation. However, the 
purity and wide areal extent of the sand, which was derived from the 
emerged Swan Peak sands along the cratonal edge, implies that during 
this time the seaway must have been open to strong currents which 
could more or less evenly distribute the vast amount of sand and at 
the time selectively remove any clay or calcareous ooze.
The fine-grained argillaceous carbonates of the Hanson Creek 
formation accumulated on the outer, deeper limits of the shelf's edge 
in central Nevada under relatively stable conditions that prevailed 
during Richmonian time. These thinly laminated limestones are abun­
dantly graptoliferous and suggest deposition in the zone of transition 
between the eastern and western assemblages (Ross, 1961, p. 333).
To the west, in and to the east of the area involved in the up­
lift of the Manhattan geanticline in Devonian (Nolan, 1943), erosion 
and uplift of considerable magnitude occurred prior to medial Silurian, 
and possibly as early as very latest Ordovician (Webb, 1958, p. 2376). 
Webb (1958, p. 2376) has recognized Silurian argillites and quartz
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siltstones of slope origin beveling lower Copenhagen beds as far east 
as Ike's Canyon (approximately 30 airline miles southwest of the map­
ped area). A similar sequence occurs in the thrust plates of the 
Copenhagen Canyon area which was originally deposited west of the 
Monitor Range (Bortz, 1959, p. 42). In the White Pine mining district 
near Hamilton, Nevada, Humphrey (i960, p. 79) recognized continuous 
deposition from latest Trentonian through Middle Devonian with no 
evidences of hiatuses. The Hanaon Creek formation grades vertically 
into the Lone Mountain dolomite with the Roberts Mountains formation 
being completely absent. He assumes that the Roberts Mountains forma­
tion lenses out east of the type locality.
The Nlagaran limestones are the youngest rocks of the eastern 
assemblage in the mapped area. After deposition of the Roberts 
Mountains formation, and possibly younger sediments, the area was 
exposed to erosion.
In the Copenhagen Canyon area (Bortz, 1959, p. 43) thrusting, that 
may have began in later Devonian time and continued into Pennsylvanian 
time, emplaced rocks of the western assemblage in juxtaposition with 
rocks of the eastern assemblage. Roberts et id (1958, p. 2850) con­
sider the major Paleozoic orogeny, Antler, in central Nevada, of 
latest Devonian to Early Pennsylvanian age, but state that minor oro- 
genic disturbances are not limited to this time. Thrusting may have 
occurred in the mapped area; however, no evidence to substantiate this 
possibility has been observed by the writer.
Great thicknesses of Tertiary volcanic rocks cap both the Antelope 
mid Monitor Ranges and probably blanketed the entire mapped area prior 
to the warping and normal faulting that began in Early Tertiary time 
(Nolan, 1943, p. 183) and involved the later Tertiary volcanic rocks.
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SUMMARY
Paleozoic sedimentary rocks of the Applebush Hill area are com­
posed principally of a limestone sequence or, using Roberts and 
others’ terminology, eastern assemblage. The eastern assemblage 
formations include: Upper Cambrian Bullwacker member of the Windfall; 
Ordovician Goodwin, Antelope Valley, Copenhagen, Eureka, and Hanson 
Creek; and Silurian Roberts Mountains. Autochthonous rock younger 
than Niagaran age of Silurian are not present.
During the Tertiary, volcanic rocks covered much of the entire 
area and was followed by basin and range normal faulting.
Applebush Hill is an uplifted anticlinal structure that is com­
pletely bounded by normal faults. It is the mo3t significant structure 
in the southern portion of the area in that it appears to be an emer­
gent island of sediments in a sea of volcanics. The northern portion 
of the area is structurally dominated by the southern point of the 
down-dropped Antelope Valley fault block.
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APPENDIX I
REDUCTION AND CALCULATION OF GRAVITY FIELD DATA
The complete Eouguer anomaly (Ag) used in this survey is computed 
(in milligals) as follows:
Ag = sd + 0.05999h + gi + T
Observed difference Free-air and Latitude Terrain 
from BM61JRH base simple Bouguer correction correction
correction
where the observed instrument difference from BM61JRH base is multi­
plied by a calibration constant of 0.4657 milligals per division. The 
base station was occupied approximately every two hours or less and 
instrument drift was removed.
Combined simple Bouguer, free-air correction (Nettleton, 1940) 
was taken as 0.05999 milligals per foot, which corresponds to an 
assumed density of 2.67 grams per centimeter for the surrounding bed­
rock.
The latitude correction of this survey was calculated from the 
following formula (Dobrin, 1960, p. 234):
w = 1.307 sin 20 milligals per mile 
= 1.2799 milligals per mile
where w is the rate of change of gravity and 0 is the latitude (here 
39° 10' for line #2 which is assumed to have a latitude correction of zero). 
A uniform latitude gradient was assumed in that the two east-west lines 
are less than one degree apart.
Terrain corrections are computed from Hammer (1939) zones F 
through L for 3 stations on line #1 and 4 stations for line #2 (Plate 
III) using a Hammer (Nettleton, 1940) terrain correction chart. In­
terpolated values were used for correcting intermediate stations.
A density contrast of 0.5 was used for depth estimates; thlse 
follows Thompson and Sandberg's (1958) assumption that this is a 
relatively uniform constant that can be used throughout the Great 
Basin.
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